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ABSTRACT 
POSTEMERGENCE CONTROL OF QUACKGRASS (Elytrigia repens) 
WITH RIMSULFURON 
MAY 1997 
SOWMYA MITRA, B.Sc. (Ag) (Hons)., B. C. K. V. V., W. B., INDIA 
M. S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by : Professor Prasanta C. Bhowmik 
Field, greenhouse and laboratory experiments were conducted in 1996 and 
1997 at the University of Massachusetts, Amherst to determine the effects of 
postemergence application of rimsulfuron on quackgrass control. Field experiments 
were conducted in 1996 at the University of Massachusetts Experiment Station in 
South Deerfield, while the greenhouse and laboratory experiments were conducted 
on the University campus at Amherst. A tank-mix combination of alachlor and 
linuron at 1.5 and 1.0 kg a.i. ha’* respectively, was applied preemergence for the 
control of annual weeds. In a split-plot design, three growth stages of quackgrass 
(one- to two, two- to four and four- to six-leaf stage) and four rates of rimsulfuron 
(9, 18, 27 and 36 g ha’*) and nicosulfuron at 36 g ha’* were the two factors taken 
into consideration. Rimsulfuron at 27 g ha’* applied at two- to four-leaf stage of 
quack grass controlled over 90% of the quack grass 8 WAT compared to only 45% 
control when applied at one-to two-leaf stage. There was no significant difference 
in rimsulfuom activity between these two growth stages. Rimsulfuron at 36 g ha * 
VI 
injured com when applied at the four- to six-leaf stage. The injury was observed on 
the leaf apex, margin and leaf blade. The leaves had a wrinkled appearance which 
resembled a typical "unironed cotton shirt”. No significant increase in quackgrass 
control was noted when the rate of rimsulfliron increased from 27 to 36 g ha'V The 
rhizomes treated with rimsulfliron at 27 g ha'* applied POST at the two- to four-leaf 
stage had 10% germination compared to 90% in the untreated plots. The 
rimsulfliron treatment of 27 g ha'* applied to two- to four-leaf stage of quackgrass 
resulted in 50% and 40% increase in grain and silage yields, respectively, compared 
to the untreated plots. The rimsulfliron (27 g ha'*) when applied at the two- to 
four-leaf stage of quackgrass resulted in 25% increase in grain yield, over than when 
the application was at one- to two-leaf stage. Rimsulfliron at the same rate led to a 
30% reduction of grain yield when applied at a later stage (four- to six-leaf stage). 
Nicosulfliron at 36g ha'* was not as effective as rimsulfliron at 27 g ha'* in 
controlling quackgrass populations. The quackgrass leaves were analysed for the 
residual cholorophyll content 2 weeks after rimsulfliron treatment. The absorbance 
at 663, 645 and 480 nm wavelengths reflected the results observed in the field. The 
efficacy of rimsulfliron was increased by the addition of an adjuvant. The addition 
of an oil adjuvant to rimsulfliron at 9 g ha'* increased quackgrass control by 40% 
over the control (rimsulfliron at 9 g ha'* alone). With the addition of a surfactant to 
rimsulfliron, its biological activity was increased by 30%. In controlling quackgrass 
with rimsulfliron the combination of an oil adjuvant and a surfactant was better than 
VII 
using either an oil adjuvant or a surfactant separately. The concentration [1 or 1.5% 
(v/v)] of Scoil, an oil adjuvant did not influence rimsulfliron activity in quackgrass 
control. The rhizomes treated with rimsulfliron at 9 g ha'* with Scoil at 1% (v/v) 
had only 10% sprouting of quackgrass buds compared to 40% sprouting from the 
Agri-dex, another oil adjuvant treatment at 1% (v/v) and 90% sprouting from the 
untreated plot. On quantative analysis the double stranded DNA, single stranded 
DNA and single stranded RNA contents were different in the Hudson, NY and 
Lebanon, NJ biotypes. The absorbance maxima of the DNA extract after 
polymerase chain reaction (PCR) at 260nm was 0.142 for the NY biotype and 0.047 
for the NJ biotype. The NJ biotype was more susceptible to rimsulfliron (9 g ha'* 
and 0.25% non-ionic surfactant) than the NY biotype. The 9 g ha'* rate of 
rimsuifuom resulted in over 85% control of the NJ biotype, compared to only 20% 
control of the NY biotype 5 WAT. The viability of rhizome buds did not show any 
selective difference between the two biotypes. 
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CHAPTER I 
MANAGEMENT STRATEGIES FOR QUACKGRASS CONTROL 
Introduction 
Quackgrass [Elytrigia repens (L.) Beauv.], formerly known as Agropyron 
repens ( L. ) Beauv., is a persistent, perennial weed which is difficult to control due 
to its extensive rhizome system. It is considered as one of the ten worst weeds in 
the world and it is found mostly in the temperate regions of the world (Holm et al. 
1977). Quackgrass is a major weed in different regions of the United States and 
Canada. 
Quackgrass affects the crop growth and yield due to competition for 
nutrients (Bandeen and Buchholtz 1967), light, moisture (Young et al. 1983) and by 
allelopathy (Ohman and Kommendahl 1960; Toai and Linscott 1979). Quackgrass 
is vigorous in growth and is successful in establishing itself largely due to its ability 
to generate new shoots from axillary buds on the rhizomes. The rhizome buds 
contribute largely to the persistence of quackgrass (Werner and Rioux 1977). 
With proper management practices, even when the above ground portion is 
killed, the axillary buds of the rhizomes germinate and subsequently the infestation 
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becomes rampant. Therefore, control methods should aim in controlling both above 
ground vegetation and the underground rhizome system. 
The selective control of quackgrass in a stand of a monocotyledenous crop 
like com {Zea mays L.) becomes more challenging due to the nature of the crop and 
weed. There are many herbicides which control quackgrass in a stand of 
dicotyledenous crops (Beyer et al. 1988; Kells et al. 1984) but there are limited 
options that can control quackgrass in monocotyledonous crops. 
The sulfonylurea herbicides, in general, have low toxicity to mammals, with 
a high LD50 and they are highly selective in nature. Sulfonylureas are very effective 
in controlling weeds at very low rates such as 8 to 35 g ai ha'\ Hence the potential 
of residual toxicity and ground water contamination through leaching, percolation, 
mnoff or infiltration is very low. Nicosulfliron, 2-[[[4,6-dimethoxy-pyrimidine-2- 
yljamino carbonyl] aminosulfonyl]-N,N-dimethyl, a sulfonylurea herbicide, has been 
reported to have excellent activity in controlling quackgrass (Bhowmik et al. 1989, 
1990, 1992) and annual grass species in com (Morton and Harvey 1989). 
Rimsulfliron, N-[[4,6-dimethoxy-2(pyrimidenyl amino)carbonyl]-3-ethyl 
sulfonyl]-2-pyridinesulfonamide, is a new pxjstemergence herbicide which belongs to 
the sulfonylurea class of herbicides. It has the potential of controlling quackgrass in 
com. Rimsulfliron has been reported to control perennial grass weeds and several 
broadleaf weeds in potato (Anonymous: Titus, 1989). 
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Rimsulfliron degrades rapidly in soil, under both acidic and alkaline 
conditions. Thus, the use of sulfonylurea herbicides is gaining importance as a 
potential herbicide. 
Quackgrass interference on com 
Quackgrass infests a large percentage of arable land all over the world. It 
competes with the crop for all the consumable resources and subsequently reduces 
the yield of many crops, including small grain cereals (O' Donovan 1987; Rioux 
1982), Canola (O'Donovan 1986) and forage crops (Leroux 1987). 
Quackgrass competes with com for nutrients (Bandeen and Buchholtz 1967), light 
and moisture (Young et al. 1983). Quackgrass is known to be allelopathic (Ohman 
and Kommendahl 1960; Toai and Linscott 1979). 
The effect of quackgrass density and soil moisture on com growth and yield 
was reported by Young et al.(1983). They found that quackgrass densities ranging 
from 65 to 390 shoots m'^ reduced com yield by 12 to 16%. Quackgrass density of 
745 shoots m*^ reduced com yields by 37% on an average. It also reduced com 
height, ear length, ear fill length, seed weight and rows ear’* (Young et al. 1983). 
The influence of quackgrass on the growth and yield of com has been found 
to be dependent upon weed species and their respective density (Ivany 1978). 
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Based on studies with density we can obtain valuable information on the minimum 
weed density required to reduce yield and subsequently economic threshold level 
and economic injury level can be calculated. We can thus develop an economically 
and ecologically sound weed control program in com. 
Bandeen and Buchholtz (1967) reported that yields of com were severely 
reduced by quackgrass infestations. They observed that com failed to respond to 
heavy nitrogen fertilization and they suggested that root growth of com was 
inhibited by quackgrass through either the production of toxic inhibitors or 
competition for soil moisture. 
Quackgrass control with glyphosate and quizalofop 
Substantial research has been conducted on quackgrass control with various 
herbicides in dicotyledenous crops but selective postemergence control in 
monocotyledenous crops has not been available until recently. Rhizome buds 
contribute largely to the persistence of quackgrass. Buds can escape herbicide 
treatment due to insufficient absorption and/ or translocation of herbicide, resulting 
in sublethal concenttration in the rhizomes. (Tardiff and Leroux 1990). 
Glyphosate, N-(phosphonomethyl)glycine, is a non-selective, systemic 
herbicide that translocates to the rhizomes preventing sprouting of the axillary buds 
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(Claus and Behrens 1976). Glyphosate, when applied postemergence, controls 
quackgrass without causing residue problems in rotation crops. Quackgrass shoots 
should have at least four leaves when glyphosate is applied to permit translocation 
of lethal quantities to the rhizomes (Ivany 1975). Glyphosate at 1.12 kg ha** applied 
to quackgrass in grain stubble has been found to give good control. The low rates 
of glyphosate at 0.56 and 1.12 kg ha** controlled quackgrass better when applied in 
fall than when applied in spring. Pre-treatment with nitrogen at 35 kg ha**, 30 or 15 
days before application did not improve quackgrass control (Ivany 1981). 
Quizalofop, (+)-2-[4[6-chloro-2-quinoxa (inyl) oxyljphenoxy] propanoic 
acid, a selective systemic postemergence graminicide, reduced rhizome bud viability 
more than glyphosate (Tardiff and Leroux 1990). Quizalofop translocated to the 
rhizomes and hence it controlled quackgrass (Wilhm et al. 1986) without any effect 
on dicotyledonous crops (Tardiff et al. 1990). Quizalofop treatments resulted in 
necrosis of the rhizomes and it appeared only on the buds, which became black and 
shrunken, while the intemodes remained white and healthy. In quackgrass rhizomes, 
the toxic action of quizalofop is limited to the buds while glyphosate affects buds 
and intemodes (Tardiff and Leroux 1990). 
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Quackgrass control with sulfonylureas 
With the advent of sulfonylurea herbicides quackgrass has been selectively 
controlled in a stand of monocotyledenous crops. The introduction of sulfonyurea 
herbicides has reduced the rate of herbicide application considerably. 
A major advance in identifying the tartget site of action of the sulfonylurea 
herbicides came from studies involving bacteria. Since bacteria and plants share 
many common bichemical pathways, studies with bacteria provided means for 
localizing the site of sulfonylurea action. Based on various experiments by La Rossa 
and Schloss (1984) it was suggested that the sulfonylureas inhibit some step in the 
biosynthesis of branched-chain amino acids. In a series of experiments, it was 
identified that acetolactate synthase was the primary site of action of sulfonylureas 
(La Rossa and Schloss 1984). 
Acetolactate synthase(ALS; EC 4.13.18), also known as acetohydroxyacid 
synthase (AHAS), is a key enzyme in the branched chain amino acid bios>mthetic 
pathway of bacteria, fungi, and higher plants. Valine, isoleucine and leucine are 
synthesized in plants and microbes by a common pathway. 
The enzyme requires thiamine pyrophophase and Mg , as well as FAD, even 
though the reactions catalyzed by this enzyme involve no net oxidation or reduction. 
ALS catalyzes : (a) the condensation of two molecules of pyruvate to form CO2 and 
a-acetolactate, which leads to valine and leucine synthesis, and (b) the condensation 
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of one molecule of pyruvate with a-ketobutyrate to form CO2 and a-aceto-a- 
hydroxybutyrate, which leads to isoleucine formation. The pathways and enzymes 
are apparently restricted to the plastid (Jones et al. 1985). 
All the sulfonylurea herbicides display unusual “slow-binding” behavior with the 
enzyme, and this behavior may help explain the efficacy of the herbicides. 
Resistance to these herbicides has been developed through a number of different 
procedures, and the mechanism of resistance is through changes in sensitivity of the 
enzyme to the herbicides (Stidham 1991). The herbicides have been reported to be 
competitive with the amino acids for binding to the enzyme. Acetolactate synthesis 
inhibiting herbicides may bind to the regulatory site on the enzyme (Subramanian et 
al. 1991). 
Nicosulfuron has been reported to be effective in quackgrass control in 
conventional field com (Bhowmik et al. 1992). Nicosulfuron at 35 to 70 g ai ha** 
applied at the 4- to 6-leaf stage of quackgrass controlled over 90% of quackgrass 
five weeks after treatment. Nicosulfuron was also effective in controlling regrowth 
of quackgrass the following year (Bhowmik et al. 1992). 
In field experiments with primsulfliron, N-[[4,6-dimethoxy-2-primidinyl 
aniino]carbonyl]-3-(ethylsulfonyl)-2-pyridinesulfonamide and nicosulfuron in 
controlling quackgrass in com, the addition of a cultivation 4 weeks after 
application of primsulfliron at 20 to 40 g ai ha’* at five- to seven-leaf stage of 
quackgrass did not enhance the performance of the herbicide (Bhowmik et al. 1995). 
Split application of nicosulfuron at 70 g ha** (half at three- to four-leaf and the other 
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half at six- to seven-leaf stage) did not increase the effect of the herbicide. 
Nicosulfliron was as effective as a single application when applied at the three- to 
four-leaf stage (Bhowmik 1995). 
Influence of surfactants on herbicidal activity 
Adjuvants are substances that are added to herbicides in liquid or dry 
formulations to modify the biological activity or application characteristics (WSSA 
1985). Broadly grouped adjuvants increase uptake, aid deposition, extend residual 
effects, aid compatibility, overcome antagonism, reduce drift, or improve other 
application characteristics (Green 1995; Underwood 1992). Adjuvants are 
instrumental in reducing herbicides rates, costs and unwanted environmental and 
toxicological effects. There are three major types of adjuvants namely oils, 
surfactants and fertilizers. 
There are four types of surfactants: non-ionic, cationic, anionic and amphoteric. 
Generally four types of oil adjuvants are used: petroleum (mineral or paraffin), 
vegetable (glycerides), esterified seed oils (methylated or ethylated fatty acids) and 
saponified seed oils (fatty acid salts). Fertilizers used are generally ammonium in its 
various forms. 
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Two properties, HLB (hydrophilic-lipophilic balance ) and the physical form of 
the spray deposit, influence biological variation. HLB is the most important and it 
alone accounts for 75% of the variation in control of different weeds with different 
surfactants. The degree of ethoxylation has a high correlation with the HLB and 
thus could also explain much of the biological variation (Green and Green 1993). 
Green and Green (1993) found that a non-ionic surfactant with appropriate structure 
and concentration has the potential to increase the activity of rimsulfliron 10 fold 
when the concentration increased up to 0.05% (w/w) (Green and Bailey 1987). 
Slightly more enhancement was observed up to 0.1% (w/w). 
Green and Bailey (1987) established a relationship between surfactant 
concentration and herbicide rates. It was used to explain the effects of rimsulfuron 
rates and various surfactant concentrations (Green and Green 1993). It was 
modeled with a log-response equation and asymptotic (Berkson 1944) rate factor. 
k,= (l+6x2 )/(l+X2 ) 
X2 stands for the surfactant concentration and 6 quantifies enhancement. 
In a study with giant foxtail (Setaria faberi Herrm ), it was observed that in 
addition to concentration, the surfactant structure strongly affected rimsulfhjon 
activity. Green and Green (1993) reported that the control of giant foxtail with 2 g 
ha’^ rimsulfuron varied fi’om 34 to 73% depending on the surfactant. Without a 
surfactant, rimsulfuron alone provided only 31% control. 
9 
Green and Brown (1990) reported that the surfactant properties influence the 
activity of some sulfonylurea herbicides. Nicosulfiiron and thifensulfuron, 3-[[[[(4- 
methoxy-6-methyl-l, 3, 5-triazin-2-yl) amino]carbonyl]amino]sulfonyl] -2- 
thiophenecarboxylic acid have been found to be influenced by surfactants. Their 
performance in controlling a species has been affected by the addition of a surfactant 
in terms of weed control. 
Regrowth of quackgrass 
Quackgrass reproduces primarily by underground rhizome buds. The extensive 
rhizome system has a large number of viable adventitious buds. The regrowth of 
quackgrass rhizomes following herbicide application have focused on the outlying 
horizontal rhizome system rather than other plant parts that have regrowth potential. 
Significant regrowth of quackgrass occurs from axillary buds on the outlying 
horizontal rhizome system, crown (base of the aerial shoots) and underground 
portion of the vertical shoots. Werner and Rioux (1977) have reported the 
importance of the crown in the growth of quackgrass and stated that rhizome 
growth is renewed annually from axillary buds at the base of the aerial shoots. 
Stolenberg and Wyse (1986) suggested that haloxyfop, 2-[[4-[(3-chloro-5- 
trifluromethyl)-2-pyridinyl]oxy]phenoxy]propanoic acid, and sethoxydim, 2-[l- 
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(ethoxyimino) butyl-5- 2-(etylthio) propyl-3-hydroxy-2-cyclohexene-l-one], gave 
better control of quackgrass when applied at 3- to 4-leaf stage of quackgrass 
compared to 5- to 7-leaf stage. They found that crown bud regrowth contributes 
substantially to the reduced quackgrass control in advanced stages of growth 
following applications of haloxyfop and sethoxydim (Tardiff and Leroux 1990). 
Biotypes of quackgrass 
Biotypes or ecotypes of weed species have been known to exist in nature. The 
morphology of quackgrass is highly variable for some traits and different taxonomic 
interpretations have been proposed (Bowden 1965; Femald 1950; Gleason 1952; 
Melderis et al. 1980). In recent years, specific weed biotypes have been identified. 
Variations in rhizome length, bud production, shoot number, and dry weight were 
reported among 10 quackgrass biotypes (Tardiff and Leroux 1992; Westra and 
Wyse 1981). Based on leaf characteristics, growth habits and quality traits 34 
genotypes of quackgrass have been reported in Wisconsin (Greub et al. 1986). 
The growth response of different quackgrass biotypes to different nitrogen rates 
was studied by Tardiff and Leroux in 1992. A large variation in the growth habit of 
different quackgrass biotypes or clones have been reported (Neuteboom 1975; 
11 
Turner 1968; Williams 1973). Westra and Wyse (1981) estimated that some 
biotypes of quackgrass produced significantly higher dry matter than others. 
After studying the leaf characteristics, growth habits and quality traits of 34 
genotypes in Wisconsin, Greub et al. (1986) concluded that variability existed 
among the phenotypes of different biotypes. 
Researchers have documented differential responses of quackgrass biotypes or 
clones to the herbicides amitrole [lH-1, 2, 4-triazol-3-amine] (Haddad and Sagar 
1968), dalapon [2,2-dichloropropanoic acid] (Buchholtz 1958, Haddad and Sagar 
1968), glyphosate (Tardif and Leroux 1991), haloxyfop (Alcantara et al. 1989), 
quizalofop (Tardif and Leroux 1991), and sethoxydim (Alcantara et al. 1989). 
Biotypes from five different locations in the United States exhibited differential 
response to primsulfliron (Gillespie and Vitolo 1993). The biotypes had a range of 
variations in growth characteristics from an upright to a prostate growth pattern. 
The estimated rate of primsulfuron required to reduce shoot regrowth of the 
Montpelier, OH biotype by 50% was more than double the rate required for 50% 
shoot regrowth reduction of the other four biotypes. Quackgrass biotypes 
responded differently to primsulfuron in field and greenhouse experiments and the 
biotype from Montpelier, OH was the most tolerant (Gillespie and Vitolo 1993). 
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CHAPTER n 
POSTEMERGENCE CONTROL OF QUACKGRASS IN CORN WITH 
RIMSULFURON 
Abstract 
Infestation of quackgrass results in com yield reduction and causes ecomomic 
yield loss. Postemergence control of quackgrass has become easier with the advent 
of sulfonylurea herbicides. Rimsulfliron is a new member of the sulfonylurea class 
of herbicide. Field experiment with ‘Max 747’ was conducted during 1996 to 
determine the effects of POST application of rimsulfliron on quackgrass control. 
Rimsulfuron at 27 g ha** applied to two- to four-leaf stage of quackgrass controlled 
over 90 % of quackgrass five weeks after treatment. Rimsulfuron applied at one- to 
two-leaf stage of quackgrass was not as effective as the same rate applied at two- to 
four or four- to sbc-leaf stage of quackgrass. Some injury to com was observed 
when rimsulfuron was applied at 36 g ha** and at the four- to sbc-leaf stage of 
quackgrass. Injury symptoms were stunting and leaf wrinkling of com plants. The 
quackgrass leaves become yellow due to loss of chlorophyll after rimsulfuron 
treatment. The residual chlorophyll-a, chlorophyll-b and carotenoid contents 
13 
decreased with the increase of rimsulfliron rates and they followed standard 
regression trends. The rimsulfliron treatment of 27 g ha’^ applied to two- to four- 
leaf stage of quackgrass resulted in 50% and 40% increase in grain and silage yields, 
respectively, compared to the untreated plots. The rimsulfliron (27 g ha'*) when 
applied at the two- to four-leaf stage of quackgrass resulted in 25% increase in grain 
yield, than the application at one- to two-leaf stage. Rimsulfliron at the same rate 
led to a 30% reduction of grain yield when applied at a later stage (four- to six-leaf 
stage). Nicosulfliron at 36g ha'* was not as effective as rimsulfliron at 27 g ha'* in 
controlling quackgrass populations. 
Introduction 
Quackgrass is a major weed in the temperate regions of the world. Quackgrass 
affects growth and yield of com due to competition for nutrients (Bandeen and 
Buchholtz 1967), light and moisture (Young et al. 1983) and by allelopathy (Ohman 
and Kommendahl 1960; Toai and Linscott 1979). Ivany (1978) reported that light 
infestations (30 % ground cover) of quackgrass reduced silage com yield when 
allowed to compete with com for 6 weeks. Dense infestations (90 % ground cover) 
of quackgrass reduced yields if allowed to compete for 3 weeks (Young et al. 
1983). Quackgrass is vigorous in growth and is successful in establishing itself 
14 
largely due to its ability to generate new shoots from axillary buds on the rhizomes. 
The rhizome buds contribute largely to the persistence of quackgrass (Werner and 
Rioux 1977). 
Both cultural and chemical methods have been used to control quackgrass. 
Intensive tillage has been the most common method (Carder 1961) and although 
usually effective, it promotes conditions which increase soil erosion (Darwent 
1987). In addition, its effectiveness can be reduced by unfavourable weather 
conditions, such as excessive rainfall. 
Herbicides like glyphosate, pronamide [3, 5-dichloro(N-l,l-dimethyl-2- 
propynl) benzamide] and hexazinone [3-cyclohexyl-6-(dimethylamino) -1, 3, 5- 
triazine-2, 4(1H, 3H)-dione] have been reported to control quackgrass (Ivany 
1981). Glyphosate at 1.12 kg ha*' applied to quackgrass in late October gave better 
control than the same rate applied in late September. At low rates of 0.56 and 1.12 
kg ha*', glyphosate gave better quackgrass control when fall-applied than when 
spring-applied. Pre-treatment with nitrogen at 35 kg ha*' 30 or 15 days before 
application, or on the day of application, did not improve quackgrass control with 
glyphosate. Pronamide gave fair to good control while hexazinone gave poor 
control when applied in fall. 
With the introduction of sulfonylurea herbicides, postemergence control of 
grass weeds has become easier even in a stand of monocotyledenous crops like com. 
They have also reduced the application rates of herbicides. The application timing 
15 
of these herbicides is very important as it might not control the weeds properly if 
applied too early in the growing season when the weeds are small. On the other 
hand, late application may have a deleterious effect on the crops (Darwent et al. 
1989). 
Sulfonylurea herbicides such as nicosulfliron have been reported to control 
quackgrass in com. Com plants can metabolize sulfonylureas (Beyer et al. 1988) 
and thereby com plants are tolerant to most of the sulfonylurea herbicides. It has 
been found to be more effective when applied at the four- to six-leaf stage of 
quackgrass than when applied at the one- to three-leaf stage. Nicosulfliron did not 
injure ‘Agway 584S’ com at the highest rate (140 g ha’*) tested and did not reduce 
silage or grain yield (Bhowmik et al. 1989, 1990, 1992). 
Treatments with primisulfliron, another sulfonylurea herbicide, resulted in 70 to 
85% control of quackgrass regardless of the rate of application, 3 weeks after 
treatment (WAT)(Bhowmik 1995). The control improved to at least 90% or better 
after 6 WAT with primisulfliron rates of 15 g ha‘* or greater. Primisulfliron was 
reported to be safe to com at all rates. All treatments significantly increased silage 
and grain yields of com. Primisulfliron at 10 g ha’* resulted in only 58% reduction 
of quackgrass culm density while at 30 g ha’* 89% reduction of quackgrass density 
was observed 6 WAT. 
16 
The objective of the experiments reported here was to study the effects of 
growth stages of quackgrass and different rates of rimsulfliom on quackgrass 
control in field com. 
Materials and methods 
Field experiment 
Field experiments were conducted at the Agronomy Research Station, 
University of Massachusetts in South Deerfield. The soil was Hadley fine sandy 
loam (Typic Udifluvents) containing 3.2 %organic matter with a pH of 6.5, The 
experimental area was cultured to have a uniform heavy infestation of quackgrass 
with about 1480 shoots per m^. A tank-mix combination of alachlor [2-chlloro-N- 
(2,6-diethylphenyl)-N-(methoxymethyl)acetamide] and linuron [N’-(3,4- 
dichlorophenyl)-N-methoxy-N-methylurea] at 1.5 and 1.0 kg ha ^ was applied 
preemergence for the control of annual weeds. 
Com ‘Max 747’ was planted on May 25, 1996. The plots were 2.3 by 6.1 m in 
dimensions. The treatments were applied using a CO2 backpack sprayer with Teejet 
XR 11002 VS nozzles at a pressure of 152 kPa using a spray volume of 187 L h&\ 
All herbicide treatments were applied with a non-ionic surfactant (0.25% v/v). 
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Visual rating 
Quackgrass control was visually estimated on a scale of 0 to 100%, where 0 = 
no control and 100 = complete control of quackgrass. These control ratings were 
recorded every week after treatment. 
Injury 
Injury to com plants was observed at various time intervals. Plant height and 
dry weight of com plants were recorded at 4-week intervals throughout the growing 
season. The treated quackgrass leaves were sampled 2 WAT for the determination 
of residual chlorophyll content. The chlorophyll was extracted in N,N-dimethyl 
formamide and the absorbance at 663, 645 and 480 nm wave length was recorded 
using a spectrophotometer. Using the absorbance values, chlorophyll-a, 
chlorophyll-b and carotenoid contents were calculated based on the following 
formula (Amon et al. 1956). In this situation 480 nm was used instead of440 nm. 
All values were calculated in pg /g of fresh weight. 
Chlorophyll-a 12.7 ( A 6^3) ” [ 2.69 ( A 543 )(V/W)] 
Chlorophyll-b = 22.9 ( A 545) - [ 4.68 ( A 663 ) (V / W) ] 
Chlorophyll-(a +b) = 20. 0 ( A 545 ) + [ 8.02 ( A 663 ) (V / W) ] 
Carotenoid = 4.16 ( A 480) - [ 0. 89 ( A 663 ) (V / W ) ] 
Rhizome viability 
Quackgrass rhizomes were collected from each plot with a soil sampler having 
dimensions of 87 sq cm by 15 cm, 9 WAT. The rhizomes were washed and cut into 
18 
pieces with at least one bud. The individual sections were examined to determine 
the number of live and dead rhizomes based on visual rating. The rhizomes which 
were rotten and dark in color were regarded as dead. 
After the examination, the sections were incubated at 25 C for 2 weeks. The 
germination percentage of rhizome buds was calculated to determine the viability of 
rhizome buds. 
Grain and silage yield 
The center row from each plot was harvested for grain and silage yields of com. 
The grain yield was adjusted to 15.5% moisture, while the silage yield was adjusted 
to 70% moisture. 
Greenhouse experiment 
The experiment was repeated in the greenhouse at the University of 
Massachusetts at Amherst in fall of 1996. However, the experiment was conducted 
without com and the quackgrass was grown in 15-cm plastic pots. The soil was a 
Hadley fine sandy loam (Typic Udifluents) containing 35%organic matter with a pH 
of6.5. 
The temperature in the greenhouse was set at 70 F with natural sunlight. The 
pots were watered every other day so that the plants did not undergo water stress. 
The three growth stages of quackgrass (one- to two- , two- to four- and four- to 
six-leaf stage) and the herbicide rates (untreated check, rimsulfliron at 9, 18, 27 & 
19 
36 g ha*^ and nicosulfuron at 36 g ha"^ ) were the two factors taken into 
consideration. All treatments were replicated four times. 
Visual rating 
Quackgrass control was visually estimated on a scale of 0 to 100%, where 0 = 
no control and 100 = complete control of quackgrass. These control ratings were 
recorded every week following treatment. 
Rhizome viability 
The rhizomes were dug out from the pots and were washed and cut into pieces 
with at least one bud. The individual sections were examined to determine the 
number of live and dead rhizomes. The rhizomes which were rotten and dark in 
color were regarded as dead. After the examination, the sections were incubated at 
25 C for 2 weeks. The germination percentage of rhizome buds was calculated to 
determine the viability of rhizome buds. 
All data were subjected to analysis of variance (ANOVA) and appropriate mean 
separation techniques was used (SAS 6.1 l,Inst., 1995). The significant interactions 
were partitioned and subsequently regression techniques were used to separate the 
means. 
20 
Experimental design 
The treatments were laid out in a split-plot design with two factors. The three 
growth stage of quackgrass (one- to two-, two- to four- and four- to six-leaf stage) 
was the primary factor, while the herbicide rate (untreated check, rimsulfliron at 9, 
18, 27 & 36 g ha’* and nicosulfliron at 36 g ha’* ) was the secondary factor. All 
treatments were replicated three times. 
Analyses of variance were used to determine significant treatment effects. 
Error terms were obtained by calculating the expected mean squares (Damon and 
Harvey 1987) (Table 1) and by specifying the appropriate error in the hypotheses 
test of the general linear model (GLM) program of SAS (SAS Institute, 1995). F 
values with probabilities equal to or less than 0.05 were considered significant and 
designated by an *, and those with F values having probabilities equal to or less than 
0.01 were considered highly significant and designated by a * *. 
The expected (E) mean square (MS) for the experiment with com had the 
following sources of variation: Growth stage (G) + Herbicide (H) + Replication (R) 
+ Growth stage x Herbicide (GH) + Growth stage x Replication (GR) + Herbicide x 
Replication (HR) + Growth stage x Herbicide x Replication (GHR), where G is the 
three growth stages of quackgrass (one- to two , two- to four and four- to six-leaf 
stage ), H stands for all the herbicide treatments (untreated check, rimsulfliron at 9, 
18, 27 & 36 g ha’* and nicosulfliron at 36 g ha'*) and R is the replications (3 times). 
21 
Growth stages and herbicide treatments were fixed while the replication was 
random. Based on these assumptions growth stage, herbicide and growth stage x 
herbicide had F tests while the other sources did not have any appropriate F test 
(Table 1). 
The E (MS) of the experiment with chlorophyll extracts had the following 
sources of variation: Wavelength (W) + Herbicide (H) + Replication (R) + 
Wavelength x Herbicide (WH) + Wavelength x Replication (WR) + Herbicide x 
Replication (HR) + Wavelength x Herbicide x Replication (WHR), where W is the 
wavelengths of light (663, 645 and 480 nm), H stands for all the herbicide 
treatments (untreated check, rimsulfuron at 9, 18, 27 & 36 g ha*‘ and nicosulfuron at 
36 g ha**) and R is the replications (3 times). Wavelength and herbicide treatments 
were fixed, while the replication was random. Based on these assumptions 
wavelength, herbicide and wavelength x herbicide had F tests while the other 
sources did not have any appropriate F test (Table 2). 
Results 
Rimsulfuron at the rate of 27 g ha** applied at two- to four-leaf stage of 
quackgrass controlled quackgrass over 90% 5 WAT, compared to only 40% when 
applied at one- to two-leaf stage. Rimsulfuron applied at a later stage of quackgrass 
22 
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growth (four- to six-leaf stage) did not increase quackgrass control but it resulted in 
slight injury to com at the highest rimsulfuron rate (36 g ha '*). The injury 
symptoms were stunting and leaf wrinkling. The injured com leaves resembled a 
typical “unironed cotton shirt”. The injury was observed on the leaf apex, margin 
and leaf blade. The stunting effect was characterized by reduced dry weight and 
height of com plants. The com plants 4 WAT showed lower dry weight at the 
highest rimsulfuron rate (36 g ha **) when applied as late POST (two- to four-leaf 
stage and four- to sbc-leaf stage) than the early POST application (one- to two-leaf 
stage) (Figure 1). The highest dry weight was recorded when the 27 g ha of 
rimsulfuron treatment was applied at two- to four-leaf stage and four- to sbc-leaf 
stage of quackgrass. This trend magnified as the season progressed. The com 
plants treated with rimsulfuron at 27 g ha accumulated the maximum amount of 
dry matter when applied at the two- to four-leaf stage of quackgrass 8 WAT (Figure 
2) and 12 WAT (Figure 3). 
Optimum grain yield (Figure 4) and silage yield (Figure 5) were obtained with 
27 g ha‘^ of rimsulfuron applied at the two- to four-leaf stage of quackgrass. 
Rimsulfuron treatment resulted in higher grain and silage yields of com than 
treatment with nicosulfliron when both were applied at 36 g ha’^ (Figure 6). 
The grain yield of com (Figure 4) was influenced by the application of 
rimsulfuron and nicosulfliron only when they were applied at two- to four-leaf stage 
of quackgrass (Table 6). The rimsulfuron treatment of 27 g ha’* applied to two- to 
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four-leaf stage of quackgrass resulted in 50% and 40% increase in grain and silage 
yields, respectively, compared to the untreated plots. Rimsulfiiron (27 g ha**) 
applied at the two- to four-leaf stage of quackgrass resulted in 25% more grain yield 
than when applied at one- to two-leaf stage. Rimsulfiiron at the same rate led to a 
30% reduction of grain yield when applied at a later stage (four- to six-leaf stage). 
On regresaon analy^ it was found to follow a quadratic trend of increase in grain 
yield of com with the increase in rate of rimsulfiiron. The equation is given as grain 
yield = 107.8770 + 6.5686 (rimsulfiiron) - 0.1590 (rimsulfiiron)^ with a value of 
0.85*. The regression curves at all growth stages for the grain and silage yield are 
shown in Figures 7 and 8, respectively. 
On regression analysis of the silage yield of com, it was found that the silage 
yield was rdated to the overall rimsulfiiron rates by the folUowing equation: 
SUage yidd = 14.9757 + 0.3928 (rimsulfiiron) - 0.0075 (rimsulfiiron)^ ( = 0.75») 
(Table 7 and Figure 9). 
The germination percentage of the rhizome buds was recorded after incubation, 
and the data were analyzed. Ninety one percentage germination could be explained 
with quadratic and cubic regressions. The overall rimsulfiiron effect was rdated to 
the genmnation percentage by the equation as shown below: 
Germination % = 71.1429 + 3.4803 (rimsulfiiron) + 0.0475 (rimsulfiiron)^ + 0.0001 
(rimsulfiiron)^ (Table 8 and Figure 10). 
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Rimsulfliron retards protein synthesis, and as a result chlorophyll synthesis as 
well as degradation are affected. Yellowing of the treated quackgrass leaves is a 
visual symptom of rimsulfuron activity. The synthesis of three essential amino acids 
(valine, leucine and isoleucine) is affected. Hence the chlorophyll synthesis was 
reduced followed by enhanced degradation, resulted in yellowing. 
The absorbance of the residual chlorophyll extract of the quackgrass leaves at 
663, 645 and 480 nm wave length (Figure 11) was recorded. Absorbance at 663 
nm wave length for the untreated sample was 2.999, for rimsulfuron at 9, 18, 27 and 
36 g ha‘* was 2.531, 1.885, 0.636 and 0.3557, respectively. Samples treated with 
nicosulfuron at 36 g ha'^ had an absorbance of2.0927. The absorbance was not 
influenced by increasing the rimsulfuron rates from 27 to 36 g ha‘^ The correlation 
coefficients of multiple determination for 663, 645 and 480 nm wave length were 
0.99* *, 0.99* * and 0.96* *, respectively. 
The residual chlorophyll-a content and the rimsulfuron rate followed a cubic 
regression trend and the equation was given by: chlorophyll-a = 3036.9933 + 
35.1130 (rimsulfuron) - 9.8156 (rimsulfuron)^ + 0.1884 (rimsulfuron)^ (R^ = 
0.99* *) (Table 9 and Figure 12). Chlorophyll-b and carotenoid content decreased 
with the increase in rimsulfuron rate according to quadratic and linear trends, 
respectively (Figure 13 and 14). The values for residual chlorophyll-b and 
carotenoid contents were 1.00* * and 0.99* * respectively. Hence the results on 
chlorophyll determination confirmed the quackgrass control results in the field. 
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Figure 11. Absorbances of the residual chlorophyll extracts of 
quackgrass leaves 2 weeks after rimsulfuron treatment. 
Figure 12. Regression curve of the residual carotenoid content of 
quackgrass leaves 2 weeks after rimsulfuron treatment. 
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Figure 13. Regression curve of the residual chlorophyll-a content of 
quackgrass leaves,2 weeks after rimsulfuron treatment. 
Figure 14, Regression curve of the residual chlorophyll-b content of 
quackgrass leaves, 2 weeks after rimsulfuron treatment. 
39 
Discussion 
Rimsulfuron can be used to control perennial grass weeds like quackgrass in a 
stand of monocotyledonous crops like com. It is active at a very low rate and hence 
can safely be used to control quackgrass. The best growth stage to apply 
rimsulfuron is the two- to four-leaf stage of quackgrass and the POST application of 
rimsulfuron at this growth stage did not injure com. Rimsulfuron at 27 g ha‘‘ 
applied to two- to four-leaf stage of quackgrass controlled over 90 % of quackgrass 
5 WAT. Rimsulfuron applied at one- to two-leaf stage of quackgrass was not as 
effective as the same rate applied at two- to four or four- to six-leaf stage of 
quackgrass 
Application at the four- to six-leaf stage of quackgrass injured com at the 
highest rimsulfuron rate (36 g ha'*). This injury may have ben related to the fact that 
at a later stage the com leaves are large and they intercepted most of the sprays. 
The may also be that rimsulfuron at the highest rate (36 g ha'*) could not be 
metabolised or detoxified completely and it resulted in com injury. 
Rimsulfuron at 27 g ha'* resulted in best quackgrass control, silage and grain 
yield. At 27 g ha'* of rimsulfuron the quackgrass population was controlled over 
90% when applied at the two- to four- leaf stage of quackgrass and com plants 
accumulated the maximum amount of dry matter. 
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Application of rimsulfliron at 27 g ha*‘ resulted in 30% more silage and 40 % 
more grain yield than the yield obtained by the treatment with nicosulfliron at the 
recommended rate (36 g ha**). 
Importance should be given to the germination percentage of the rhizome buds, 
since quackgrass reproduces primarily by adventitious rhizome buds. Rimsulfliron 
not only controlled the above ground portions of quackgrass but was effective in 
controlling rhizome buds. The viability of the rhizome buds decreased with the 
increase of rimsulfliron rate. 
Rimsulfuron can control quackgrass population in a stand of com and has the 
potential of increasing silage and grain yield of com. This research confirms the 
effectiveness of sulfonylurea herbicides such as rimsulfliron in controlling 
quackgrass in com. The use of rimsulfliron in quackgrass control may result in 
reduction of overall herbicide load into the environment. 
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CHAPTER m 
EFFECTS OF OH. ADJUVANTS AND SURFACTANTS ON THE 
ACTIVITY OF RIMSULFURON IN QUACKGRASS CONTROL 
Abstract 
Rimsulfiiron is a new member of the sulfonylurea class of herbicide. The 
activity of rimsulfiiron can be enhanced by the addition of adjuvants. Two oil 
adjuvants (Agri-dex and Scoil) and four nonionic surfactants (Atplus S-12, Induce, 
Renex and Silwet) were examined. The efficacy of rimsulfiiron was increased by the 
addition of an adjuvant. The addition of an oil adjuvant to rimsulfiiron at 9 g ha ^ 
increased quackgrass control by 40% over the control (rimsulfiiron at 9 g ha 
alone). With the addition ofa surfactant to rimsulfiiron, its biological activity was 
increased by 30%. In controlling quackgrass with rimsulfuron, the combination of 
an oil adjuvant and a surfactant was better than using either an oil adjuvant or a 
surfactant separately. The addition of adjuvants not only increased the control of 
quackgrass above-ground shoots, but also increased the transolaction of rimsulfiiron 
to the rhizome system. This increased translocation was marked by the increased 
number of dead rhizomes as well as a decrease in the number of viable rhizome 
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buds. In a second experiment, it was found that Scoil at 1.5% (v/v) with 
rimsulfliom at 9 g ha*‘ controlled quackgrass over 90% 6 WAT compared to 50 to 
60% control with Agri-dex at 1.5% (v/v). The concentration [1 or 1.5% (v/v)] of 
Scoil did not influence rimsulfuron activity in quackgrass control. The rhizomes 
treated with rimsulfuron at 9 g ha"^ with Scoil at 1% (v/v) had only 10% sprouting 
of quackgrass buds compared to 40% sprouting fi-om the Agri-dex treatment at 1% 
(v/v) and 90% sprouting fi’om the untreated plot. 
Introduction 
Postemergence application of rimsulfuron can selectively control quackgrass 
population even in a stand of monocotyledenous crops. Like many other herbicides, 
rimsulfuron requires a surfactant for effective postemergence weed control. The 
addition of an adjuvant reduces herbicidal rates, costs and any perceived unwanted 
environmental and toxicological effects. Adjuvants have many functions but broadly 
grouped adjuvants increase uptake, aid deposition, extend residual effects, aid 
compatibility, overcome antagonism, reduce drift, or improve application 
characteristics. 
Adjuvants are defined as any substance in a herbicide formulation or added to 
the spray tank to modify biological activity or application characteristics (WSSA 
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Suppl 1985). Adjuvants are important in a herbicide mixture and users often use up 
to five adjuvants in a single application (Underwood 1992). Users select fi-om three 
adjuvant types : surfactants, oils, or fertilizer. There are four types of surfactants: 
nonionic, cationic, anionic and amphoteric. Generally four types of oil adjuvants are 
used: petroleum (mineral or paraffin), vegetable (glycerides), esterified seed oils 
(methylated or ethylated fatty acids) and saponified seed oils (fatty acid salts). The 
key fertilizer ingredient is usually ammonium in its various forms (Green 1995). 
Recommendations vary by herbicides, weeds, environmental condition, and often 
require mixtures (Green and Bailey 1987). 
A surfactant is a material that improves the emulsifying, dispersing, spreading, 
wetting or other properties of a liquid by modifying its surface characteristics 
(WSSA Suppl 1985). Surfactant is usually defined as an organic chemical with 
amphiphatic structure, i.e., at least one lipophilic and hydrophilic segment. Since 
only the hydrophilic segment is water soluble, surfactants have a “love-hate” 
relationship with the spray solution. They concentrate at phase interphases and form 
micelles when concentration exceeds the critical micelle concentration (CMC) (Cahn 
and Lynn 1983). 
Hydrophilic-lipophilic balance (HLB) and the physical state of the spray deposit 
were the most important properties that explained the variation in surfactant activity. 
HLB alone accounted for 74% of the variation and the degree of ethoxylation 
correlated highly with HLB. The optimum HLB was found to be between 12 and 
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17. Pesticide compatibility has been reviewed by Johanson and Kaldon (1972), 
Houghton (1982) and Smith (1983). In 1975, Akobundu et al. gave a meaningful 
interpretation of herbicide additivity when they defined a mixture response as 
additive if over a range of rates and ratios, the plant response is the same as that 
obtained when one chemical is substituted for another at equivalent biological rates. 
Green and Bailey (1987) developed a model that agrees with the current 
biological understanding of interactions of a herbicide and a non-herbicide mbrture. 
Since herbicide and non-herbicide mbrtures are complex and it is potentially useful 
to include an exponential parameter, y to give more flexibility to the model. This 
parameter is positive if the non-herbicide is a synergist, 0 if inert, and negative if an 
antidote. The overall mixture equations are given as: 
Y = a + blog[xi{(l+6x2)/(l+X2)n 
and 
Y = a + b log [ xi ( 1 + 5x2y ] 
where xi is the herbicide rate, X2 is the rate of the non-herbicide and 5 is a 
parameter which measures the activity of the nonherbicide. 
Oil-based adjuvants are growing in importance and becoming more complex. 
Besides the traditional petroleum and vegetable oil adjuvants, there are methylated, 
ethylated, and saponified fatty acid seed oils fi'om various vegetable sources. 
Because oil does not mix with water spray solution, oils are emulsified with 
surfactant and are really oU concentrates. When oU concentrates are applied at 1% 
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(v/v) with 15 to 17% surfactant (emulsifier), they have more surfactant than 
surfactant products applied at 0.25% (v/v) with only 50% surfactant (Manthey et al. 
1992) . 
It has been reported that the activity of some sulfonylurea herbicides can be 
influenced by the addition of adjuvants. The performance of nicosulfliron and 
thifensulfliron has been reported to have been influenced by the surfactant properties 
(Green and Brown 1990). A non-ionic surfactant enhances the biological activity of 
nicosulfliron and primisulfiiron in the control quackgrass in com (Bhowmik 1995). 
Green and Green (1993) have reported that a nonionic surfactant with 
appropriate stmcture and concentration increased rimsulfuron activity 10-fold. 
Surfactants sharply increased rimsulfuron activity as concentration increased up to 
0.05% (v/v) with slightly more enhancement up to 0.1% (v/v). In addition to 
concentration, the surfactant stmcture strongly affected rimsulfliora activity. When 
2 g ha’^ rimsulfuron was applied, giant foxtail control varied fi’om 34 to 73% 
depending on the surfactant. Without surfactant, rimsulfiiom alone provided only 
31% control. The relationship between surfactant concentration and rimsulfuron 
rate was modeled with a log response and asjmiptotic rate factor (Green and Green 
1993) . 
k. = ( 1 + 6x2) / ( 1 + X2) 
where X2 is the surfactant concentration 
and 5 quantifies enhancement. 
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The objective of our experiments were to study the effects of different rates of 
oil adjuvants and the combination of an oil adjuvant and surfactant on rimsulfliron 
activity in controlling quackgrass. 
Materials and methods 
Field experiments 
Field experiments were conducted at the Agronomy Research Station of the 
University of Massachusetts in South Deerfield and the greenhouse experiments 
were conducted in the University campus in Amherst. The soil was a Hadley fine 
sandy loam (Typic Udifluvents) containing 3.2% organic matter with a pH of 6.5. 
The experimental area was cultured to have a uniform heavy infestation of 
quackgrass with about 1480 shoots per m^. A tank-mix combination of alachlor and 
linuron at 1.5 and 1.0 kg ha’* was applied preemergence for the control of annual 
weeds. 
The plots were 2.3 by 3.5 m. The treatments were applied using a CO2- 
backpack sprayer with Teejet XR 11002 VS nozzles at a pressure of 152 kPa using 
a spray volume of 187 L ha’*. The treatments were applied on June 27, 1996. 
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Visual rating 
Quackgrass control was visually estimated on a scale of 0 to 100% where 0 = 
no control and 100 = complete control of quackgrass. These control ratings were 
recorded every week following treatments. 
Rhizome viability: 
The rhizomes were collected from each plot with a soil sampler having 
dimensions of 87 sq cm by 15 cm 9 WAT. The rhizomes were washed and cut into 
pieces with at least one bud. The individual sections were examined to determine 
the number of live and dead rhizomes. Afrer the examination the sections were 
incubated at 25 C for 2 weeks. The germination percentage of rhizome buds was 
calculated to determine the viability of rhizome buds. 
All data were subjected to analysis of variance (ANOVA) and appropriate mean 
separation techniques were used (SAS 6.11 1995). The significant interactions were 
partitioned and subsequently regression techniques were used to separate the means 
of the continuous variable, while Duncan’s New Multiple Range Test (P = 0.05) was 
used to separate the means of the discontinous variables. 
Greenhouse experiments 
Two experiments were also conducted in the greenhouse at the University of 
Massachusetts at Amherst in fall of 1996. Quackgrass was grown in 15-cm plastic 
pots. The soil was a Hadley fine sandy loam (Typic Udifluvents) contaimng 3.5% 
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organic matter with a pH of 6.5. The greenhouse had an average temperature of 20 
C with natural sunlight. The pots were watered every other day so that the plants 
did not undergo water stress. 
In one experiment, three rates [0, 1.0 and 1.5% (v/v)] of two oil adjuvants 
[Agri-dex, (crop oil concentrate with a blend of 83% paraffin base petroleum oil, 
polyol fatty acid esters and polyethoxylated derivatives) and Scoil, (modified seed 
oil)] were used with rimsulfuron (9 g ha'^). Rimsulfliron was applied at a low rate 
(9 g ha’^) to avoid any masking effect due to higher rates. The selectivity could be 
studied at a low rate only. All treatments were replicated four times in a completely 
randomized block design. 
In another experiment, the effect of a combination of an oil adjuvant and a 
surfactant on the activity of rimsulfuron in quackgrass control was examined. Two 
oil adjuvants (Agri-dex and Scoil) and four surfactants [Atplus S-12, (a blend of 
polyethoxylated hydroxyl alkyl surfactant encapsulated in organic nitrogen); Induce, 
(a blend of alkyl aryl polyoxylkane ether, fi'ee fatty acids and isopropyl alcohol); 
Renex, (polyoxyethylene tridecyl ether) and Silwet, (polyalkyleneoxide modified 
heptamethyltrisiloxane and allyloxypolyethylene glycol methyl ether)] were used. 
All the treatments were replicated four times in a split plot design. 
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Visual rating 
Quackgrass control was visually estimated on a scale of 0 to 100%, where 0 = 
no control and 100 = complete control of quackgrass. These control ratings were 
recorded each week following the treatment application. 
Rhizome viability 
The rhizomes were taken out from the pots and were washed and cut into 
pieces with at least one bud. The individual sections were examined to determine 
the number of live and dead rhizomes. The rhizome sections which were rotten and 
had a dark color were regarded as dead while the others were incubated at 25 C for 
2 weeks. The sprouting percentage of rhizome buds was calculated to determine the 
viability of rhizome buds. 
All data were subjected to analysis of variance (ANOVA) and appropriate mean 
separation techniques were used (SAS 6.1 l,Inst., 1995). The significant 
interactions were partioned and subsequently regression techniques were used to 
separate the means. 
Experimental design 
The treatments in the experiment with different rates [0.5, 1.0 and 1.5% (v/v)] 
of oil adjuvants (Agri-dex and Scoil) was laid out in a completely randomized block 
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design, while the other experiment with combinations of oils and surfactant was laid 
out in a split-plot design with two factors. The two oil adjuvants (Agri-dex and 
Scoil) and a treatment without any oil were the primary factors, while the 
surfactants (Atplus S-12, Induce, Renex Silwet and no-surfactant) were the 
secondary factors. All treatments were replicated three times. 
Analyses of variance were used to determine differences in treatment effects. 
Error terms were obtained by calculating the expected mean squares (Damon and 
Harvey 1987). The appropriate error terms were used in the hypotheses tests using 
the general linear model (GLM) program of SAS (SAS Institute, 1995). F values 
with probabilities equal to or less than 0.05 were considered significant and 
designated by an *, and those with F values having probabilities equal to or less than 
0.01 were considered highly significant and designated by a * 
The E (MS) (Table 3) for the experiment with different rates of oil adjuvants 
had the following sources of variation: Oils (O) + Rates of oils (R) + Replication (P) 
+ Oil X Rates (OR) + Oil x Replication (OP) + Rate x Replication (RP) + Oh x Rate 
X Replication (ORP), where O stands for different oils (Agri-dex and Scoil), R 
stands for rates of oils (0.5, 1.0 and 1.5% v/v) and P for replications (3 times). Oils 
and rates were fixed while replications were random. Based on these assumptions, 
oils, rates and oil x rate had F tests while the other sources did not have any 
appropriate F test (Table 4). 
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The expected mean square (E) MS for the experiment with combinations of an 
oil and a surfactant had the following sources of variation: Oils (O) + Surfactants 
(S) + Replication (R) + Oil x Surfactants (OS) + Oil x Replication (OR) + 
Surfactant x Replication (SR) + Oil x Surfactant x Replication (OSR), where O 
stands for the different oils (Agri-dex, Scoil and no-oil), S stands for surfactants 
(Atplus S-12, Induce, Renex, Silwet and no-surfactant) and R for replications (3 
times). Oils and surfactant were fixed while replications were random. Based on 
these assumptions, oils, surfactant and oil x surfactant had F tests while the other 
sources did not have any appropriate F test (Table 4). 
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Results 
Rimsulfliron alone at 9 g ha'* controlled 30% of the quackgrass population. In 
contrast, quackgrass control increased to 60% when Agri-dex 1.0% (v/v) was 
added, while the control increased over 90% with Scoil 1.0% (v/v). Control of 
quackgrass did not improve by increasing the concentration of Scoil from 1.0 to 
1.5% v/v. The addition of an oil adjuvant increased the transolaction of rimsulfliron 
to the rhizome system, as observed by the increased number of dead rhizomes 
compared to the untreated sample or the rimsulfliron treatment alone (Figure 15). 
The quackgrass shoots treated with rimsulfliron and Agri-dex [1.0% (v/v)] had 50% 
dead rhizomes, while the treatment with rimsulfliron and Scoil [1.0% (v/v)] had 
75% dead rhizomes. On the other hand, only 25% of the rhizomes were dead in the 
treatment of rimsulfliom alone. The sprouting of the rhizome buds declined to 40% 
and 10% of the live rhizomes with the application of Agri-dex and Scoil [1.0% 
(v/v)] respectively, compared to 90% sprouting in the untreated samples. 
The overall rates of oil adjuvants influenced the sprouting percentage of the 
• *2 
rhizome buds and the effect could be accounted for by a cubic regression ( R =0.99 
♦ *) (Table 20 and Figure 16). The addition of Agri-dex or Scoil to rimsulfliron 
decreased the sprouting percentage of the rhizome buds. The decrease in viability of 
the buds could be explained by the equations: germination% = 80.00 + 32.24 (Agri- 
dex) - 153.36 (Agri-dex)^ + 71.12 (Agri-dex)^ (Table 20) and germination % = 
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Figure 15. Viability of quackgrass rhizomes as affected by treatments of 
rimsulftiron (Rim) with Agri-dex and Scoil. 
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Figure 16. Regression curve of the sprouting% of quackgrass 
rhizome buds as affected by the rates of oil adjuvants. 
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80.00 - 191.09 (ScoU) + 206.64 (ScoU)^ - 75.55 (Scoil)’ (Table 22) with the 
addition of Agri-dex and Scoil, respectively (Figure 17). 
The combination of an oil and surfactant increased quackgrass control as well 
as reduced the sprouting of the rhizome buds. Overall the addition of either Agri- 
dex or Scoil in any combination increased quackgrass control (Table 23), while the 
sprouting was only reduced by the addition of Scoil (Table 25), compared to the 
sample without an oil. Irrespective of the nature of the surfactant, its addition 
increased quackgrass control over treatments without any surfactant (Table 24), 
while the addition of only either Renex or Scoil decreased the sprouting percentage 
of the rhizome buds below than of the ones without a surfactant (Table 26). In 
general, the addition of Renex or Silwet to rimsulfiiron resulted in lower sprouting 
percentage than the combination with any of the other surfactants. The addition of 
Silwet to any of the oils was found to enhance the efficacy of rimsulfiiron the most 
(Table 31). The combination of an oil adjuvant and surfactant was more effective in 
increasing quackgrass control than by using any of them separately. Addition of a 
surfactant to rimsulfiiron, irrespective of its nature, gave 75% control of quackgrass 
5 WAT while the addition of Silwet increased the control of the quackgrass shoots 
to over 90% (Figures 18 and 19). 
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Renex 
No surfactant 
Figure 18. Percent control of quackgrass as affected by vanous combinations of 
an oil adjuvant (no oil and Agri-dex) and a surfactant 
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Figure 19. Percent control of quackgrass as affected by various combinations of 
an oil adjuvant (no oil and Scoil) and a surfactant 5 WAT. 
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Discussion 
The addition of adjuvants enhanced the biological activity of rimsulfuron. The 
addition of Agri-dex or Scoil enhanced quackgrass control and the optimum rate of 
adding oil adjuvants was found to be 1.0% (v/v). Addition of any of the oil 
adjuvants increased the percentage of dead rhizomes. At all rates Agri-dex and Scoil 
when added to rimsulfuron reduced sprouting of the live rhizome buds. The 
reduction of viability of the rhizome buds due to the addition of Agri-dex and Scoil 
could be interpreted by cubic regression equations and both of them had values 
of 0.99 * ♦. 
The combination of an oil adjuvant and surfactant was more effective in 
increasing quackgrass control than by using any of them separately. Addition of a 
surfactant to rimsulfuron, irrespective of its nature, gave 75% control of quackgrass 
5 WAT while the addition of Silwet increased the control of the quackgrass shoots 
to over 90%. The incorporation of adjuvants in a tank-mk combination of 
rimsulfuron has the potential of increasing its biological activity. The optimum rate 
of surfactant was 1.0% (v/v). Similar results have been reported earlier by Green 
and Green (1993). The synergistic effect of an oil adjuvant and a surfactant may be 
exploited to reduce rimsulfuron rate and increase its efficacy. Both an oil and a 
surfactant increased the biological activity of rimsulfuron and follows the models 
derived by Green and Bailey (1987). 
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CHAPTER IV 
RESPONSE OF QUACKGRASS BIOTYPES TO RIMSULFURON 
Abstract 
Various biotypes or ecotypes of quackgrass are found all over the world. Two 
biotypes of quackgrass from Lebanon, New Jersey and Hudson, New York were 
examined to see if there was any difference at the molecular level. PCR based 
amplification of DNA from NJ and NY biotypes clearly indicated differences at the 
genome level. After amplification variation in the banding pattern on agarose gel 
was observed between the two biotypes. The response to DNA and RNA damage 
during isolation was found to be different. The NJ biotype was found to be more 
susceptible to DNA and RNA damage than the NY biotype. On quantative analysis 
the double stranded DNA, single stranded DNA and single stranded RNA contents 
were different in both biotypes. Maximum absorbance of the DNA extract after 
polymerase chain reaction (PCR) at 260nm was 0.142 for the NY biotype and 0.047 
for the NJ biotype. The NJ biotype was more susceptible to rimsulfuron (9 g ha*^ 
and 0.25% non-ionic surfactant) than the NY biotype. The 9 g ha ^ rate of 
rimsulfuom resulted in over 85% control of the NJ biotype, compared to only 20% 
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control of the NY biotype 5 WAT. The viability of rhizome buds did not show any 
selective difference between the two biotypes. 
Introduction 
Biotypes or ecotypes of weed species have been known to exist in nature. The 
morphology of quackgrass is highly variable for some traits. Different taxonomic 
interpretations of quackgrass have been proposed (Bowden 1965; Femald 1950; 
Gleason 1952; Melderis et al. 1980). In recent years, specific weed biotypes have 
been identified. Variations in rhizome length, bud production, shoot number, and 
dry weight were reported among 10 quackgrass biotypes (Tardifi* and Leroux 1992; 
Westra and Wyse 1981). Based on leaf characteristics, growth habits and quality 
traits 34 genotypes of quackgrass have been reported in Wisconsin (Greub et al. 
1986). 
A large variation in the growth habit of different quackgrass biotypes or clones 
have been reported (Neuteboom 1975; Turner 1968; Williams 1973). Westra and 
Wyse (1981) estimated that some biotypes of quackgrass produced significantly 
higher dry matter than others. After studying the leaf characteristics, growth habits 
and quality traits of 34 genotypes fi’om Wisconsin, Greub et al. (1986) concluded 
that enough variability existed among the different biotypes. 
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The growth response of different quackgrass biotypes to different nitrogen rates 
was studied by Tardiff and Leroux (1992), They found that the dry matter 
production of one of the quackgrass biotypes was at least twice that of the others 
after application of 250 kg N ha'\ They concluded that the differences in response 
to N were due to genetic variability. The differential response of quackgrass 
biotypes was due to the increase in the ratio of above-ground to underground 
biomass (Me Intyre 1965; Williams 1971). 
Quackgrass biotypes collected fi’om 15 locations exhibited differential response 
to primisulfuron at 20 g ha'* (Gillespie and Vitolo 1993). The biotypes represented 
a range of variations in growth characteristics fi’om an upright to a prostate growth 
pattern for the Montpelier, OH and Fargo, ND, biotypes respectively. Control of 
quackgrass biotypes ranged fi’om 23 to 100%, 11 WAT in1990. The primisulfuron 
rate required to reduce shoot regrowth by 50% was estimated at 15, 15, 17, 17 and 
37 g ha’* for biotypes fi’om Amherst, MA; Mahnomen, MN; Fargo, ND; State 
College, PA and Montpelier, OH, respectively. The estimated rate of primisulfuron 
required to reduce shoot regrowth of the Montpelier, OH biotype by 50% was more 
than the double the rate required for 50% shoot regrowth reduction of the other 
biotypes. Irrespective of the year of experiments the Montpelier, OH biotype was 
the most tolerant to primisulfuron treatment. 
Variations in control of quackgrass biotypes to other herbicides have been 
reported (Alcantara et al. 1989; Buchholtz 1958; Haddad and Sagar 1968; Tardiflf 
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and Leroux 1991). With information on the susceptibility of quackgrass biotypes to 
different herbicides, it is possible to calculate herbicide rates for particular biotypes. 
This would also lead to the reduction of herbicide application rates. 
The objective was to identify any difference between the quackgrass biotypes 
from different geographical parts of the United States, at the molecular level, and to 
examine the differential response of the biotypes to rimsulfuron. 
Materials and methods 
Laboratory experiments 
Laboratory experiments were done in the Food Science Department of the 
University of Massachusetts, Amherst. Experiments were conducted to examine if 
there were any differences between the quackgrass plants from Lebanon, NJ and 
Hudson, NY at the molecular level.The SDS method was used to isolate the DNA 
from the two biotypes of quackgrass (Lebanon, NJ and Hudson, NY). The SDS 
method was based on the modification of the previous method (Honda and Hirai 
1990; Takagi et al. 1993) 
For DNA isolation, a sample of 500 mg was used. Etiolated germinating apical 
shoots were selected and the plant tissues were frozen by liquid nitrogen. Samples 
were ground in a ceramic mortar with care so that they did not melt. The sample 
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was placed in a 50 ml Polypropylene tube (PP) and 30 ml of washing buffer [0.1 (M) 
Hepes buffer at pH 8.0, 0.1% polyvinyl pyrrolidone and 4.0% mercaptoethanol) was 
added to it to separate the polyphenol and polysaccharides. The homogenate was 
transferred, suspended and centrifuged at 15,000 rpm for 15 minutes. The clear 
solution was removed by aspiration and the process was repeated twice. 
Ten ml of extraction buffer (15% sucrose, 50 mM tris-HCl at pH 8.0, 50 mM 
EDTA and 5 mm NaCl) was added. It was then centrifuged at 500 rpm, for 3 min 
and the clear solution on top was removed by aspiration. Six ml of 2T-1E (20 mM 
tris-HCl at pH 8.0 and 10 mM EDTA) was added and it was resuspended. Eight ml 
of 10% SDS (lauryl sulfate or sodium dodecyl sulfate) was added and the tube was 
inverted 5 times. It was then incubated at 70 C for 15 min and 3.0 ml of 7.5 (M) 
ammonium acetate was added and the tube was inverted. After incubating on ice for 
30 min it was centrifuged at 15,000 rpm for 15 min at 4 C. The clear suspension 
was transferred into a new 50 ml PP tube and equal volume of iso-propanol was 
added and the tube was inverted 5 times. It was then incubated for 15 min at room 
temperature followed by centrifugation at 15,000 rpm for 15 min at room 
temperature. Ten ml of ice-cold 70% ethyl alcohol was added and the pellet was 
rinsed. It was again centrifuged at 15,000 rpm at 4 C for 15 min and the clear 
suspension was removed by aspiration. After that the pellet was dried in a vacuum 
concentrator for 5 min and 400 vil (lO-l)TE (10 mM tris HCl at pH 8.0 and 1 mM 
EDTA in RNAse) was added and dissolved overnight at 4 C. Finally the DNA was 
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checked (5ul DNA extract solution) using agarose (0.8%) gel electrophoresis in 50 
X TAE [tris acetic acid and 0.5 (M) EDTA at pH 8.0] buffer with ethylene bromide. 
A standard DNA molecular marker X (50 - 2000 bp ladder ampli size™ DNA size 
standard, Biorad, Melville, NY) was used and the dye used in the electrophoresis 
was composed of 50% glycerol, bromophenol blue, xylene cyanole, 0.5 (M) EDTA 
at pH 8.0 and water. 
Random amplification of total DNA (15 yl) was done using random primor 
(Operon Technologies, CA) (Figure 20). The samples went through polymerase 
chain reaction (PCR) in which they were exposed to alternating dwell and ramp 
cycles at three temperatures (94, 50 and 72 C). After PCR the DNA was checked 
to observe any difference in banding pattern between the biotypes by agarose 
electrophoresis. The absorbance of the amplified DNA extract was determined at 
260 nm wave len^h using a Genesys spectrophotometer from which the double 
stranded DNA, single stranded DNA and single stranded RNA were calculated. The 
following equation was used to calculate the double stranded DNA, single stranded 
DNA and single stranded RNA in pg/ml (Good et al. 1993). 
(Dilution) (Value) (Absorbance 26o) 
The values that were used are as follows; 
10 D double stranded DNA : 50 
10 D single stranded DNA : 37 
10 D single stranded RNA : 40 
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Greenhouse experiment 
Greenhouse experiment was conducted to examine whether the quackgrass 
biotypes had differential response to rimsulfliron at 9 g ha■^ The soil was a Hadley 
fine sandy loam (Typic Udifluvents) containing 3.5% O.M. with a pH of 6.5. 
The greenhouse had an average temperature of 70 F with natural sunlight. The 
pots were watered every other day so that the plants did not exhibit water stress. 
Both the biotypes had an untreated check and a rimsulfiiom (9 g ha’^) treatment with 
a non-ionic surfactant (0.25%). All treatments were replicated four times. 
Visual rating 
Quackgrass control was visually estimated on a scale of 0 to 100%, where 0 = 
no control and 100 = complete control of quackgrass. These control ratings were 
recorded every week after treatment. 
Rhizome viability 
The rhizomes were taken out from pots and were washed and cut into pieces 
with at least one bud. The individual sections were examined to determine the 
number of live and dead rhizomes. The rhizomes which were rotten and dark in 
color were regarded as dead. After the examination, the sections were incubated at 
25 C for a period of 2 weeks. The germination percentage of rhizome buds was 
calculated to determine the viability of rhizome buds. 
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All data were subjected to analysis of variance (ANOVA) and appropriate mean 
separation techniques were used (SAS 6,1 l,Inst., 1995). The significant 
interactions were partitioned and subsequently regression techniques were used to 
separate the means. 
Experimental design 
The treatments were laid out in a split- plot design with two factors. The 
quackgrass biotype was the primary factor, while the treatments (untreated and 
rimsulfliron at 9 g ha**) was the secondary factor. All treatment combinations were 
replicated four times. 
Analyses of variance were used to determine significant treatment eflfects. 
Error terms were obtained by calculating the expected mean squares (Damon and 
Harvey 1987) and then specifying the appropriate error in the hypotheses test of the 
general linear model (GLM) program of SAS (SAS Institute, 1995). F values with 
probabilities equal to or less than 0.05 were considered significant and designated by 
an *, and those with F values having probabilities equal to or less than 0.01 were 
considered highly significant and designated by a * *. 
The E (MS) (Table 5) for this experiment had the following sources of 
variation: Biotypes (B) + Treatments (T) + Replication (R) + Biotype x Treatment 
(BT) + Biotype x Replication (BR) + Treatment x Replication (TR) + Biotype 
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X Treatment x Replication (BTR), where B stands for the two biotypes, T stands 
for treatments and R for replications (4 times). Biotypes and treatments were fixed 
while replications were random. Based on these assumptions, biotypes, treatments 
and biotype x treatments had F tests, while the other sources did not have any 
appropriate F test (Table 32). 
Results 
The electrophoresis of the total DNA extracts showed a difference in the 
bands (Figure 20). Random amplification of a known quantity of total DNA was 
done by PCR using arbitrary random primers (Operon Technologies, CA). 
Following amplification variation in banding pattern on agarose gel was observed . 
The NY extract was run in duplicate indicating similar banding pattern while the 
banding pattern ofNJ was found to be different (Figure 20). The absorbance of the 
DNA extracts after amplification was recorded at 260 nm wave length. NY biotype 
had an absorbance of 0.142 while the NJ biotype had an absorbance value of 0.047 
(Figure 21). 
The response to DNA and RNA damage was found to be different. The NJ 
biotype was found to be more susceptible to DNA and RNA damage than the NY 
their susceptibility to rimsulfliron as reflected by the percentage control, SWAT. 
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Figure 20. PCR profiles ofNJ and NY quackgrass biotypes. Lanes 9 and 10 are 
NY biotypes; lane 11 is NJ biotype; lane 12 is 50 - 2000 bp ladder 
Ampli size™ DNA size standard (Biorad, Melville, NY). 
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Figure 21. Absorbance of the DNA extracts of quackgrass biotypes 
after PCR at different wave lengths. 
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The 9 g ha‘* rate of rimsuliliron resulted in over 85% control of the NJ 
biotype, compared to only 20% control of the NY biotype 5 WAT. The viability of 
rhizome buds did not show any selectivity difference between the two biotypes. 
There was a significant interaction of the treatments and the biotypes. Overall the 
NJ biotype was influenced by the rimsulfliron treatment, while the NY biotype was 
not. The viability of the rhizome buds was not differ in the biotypes after incubation 
at 25 C for two weeks. 
Discussion 
Quackgrass biotypes used in our experiment represents two different 
geographical locations in the northeast. PCR-based amplification of DNA from NJ 
and NY biotype clearly indicated differences at the genomic level. Further the 
quackgrass biotypes differed in their response to DNA and RNA damage during 
isolation. The NJ biotype was more susceptible to DNAand RNA damage than the 
NY biotype which was indicated by different quantitative DNA and RNA extracts. 
The quackgrass biotypes differed in their susceptibility to rimsulfliron at 9 g ha \ 
The 9 g ha’^ rate of rimsulfliom resulted in over 85% control of the NJ biotype, 
compared to only 20% control of the NY biotype 5 WAT. The viability of rhizome 
buds did not show any selective difference between the two biotypes. 
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The difference in selectivity to various herbicides has been found in different 
biotypes of quackgrass. Gillespie and Vitolo (1993) have reported that the 
quackgrass biotypes differ in their response to primisulfliron. The NJ biotype was 
more susceptible to DNA and RNA damage than the NY biotype and the results of 
the experiments with rimsulfliron confirmed that the quackgrass biotypes were 
susceptible to rimsulfuron at different levels. With this information it is possible to 
formulate an appropriate management system for different biotypes of quackgrass. 
This would also lead to the reduction of herbicide uses. 
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APPENDIX 
STATISTICAL CALCULATIONS 
Table 6. Orthogonal polynomial comparisons for regression in 
H : 2- to 4-leaf stage of quackgrass (grain yield). 
SOURCES DF SS MS F 
Linear 1 1729.3058 1729.3058 2.02 
Quadratic 1 6968.8529 6968.8529 8 13* 
Cubic 1 1009.6641 1009.6641 1.18 
Quartic 1 2161.5504 2161.5504 2.52 
RATE OF RIMSULFURON 
(g ha'‘) 
MEAN 
(Bushels acre'') 
0 110.4700 
9 155 3433 
18 155.3367 
27 193 7333 
36 124.0667 
Q quadratic 
The regression equation is, 
Grain yield = 107.8770 + 6.5686 (rimsulfliron) - 0 1590 (rimsulfijron)^ 
R^ = 0.85* 
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Table 7. Orthogonal polynomial comparisons for regression on overall 
rimsulfliron levels (silage yield). 
SOURCES DF SS MS F 
Linear 1 23.22576 23.22576 1.94 
Quadratic 1 51.5584 51.5584 4.30* 
Cubic 1 1.0368 1.0368 0.09 
Quartic 1 24.2099 24.2099 2.02 
RATE OF RIMSULFURON 
(gha-‘) 
MEAN 
( Tons acre"*) 
0 15.5367 
9 16.8956 
18 19.2511 
27 21.5578 
36 18.6644 
Q quadntic 
The regression equation is, 
Silage yield = 14.9757 + 0.3928 (rimsulfuron) - 0.0075 (rimsulfliron)^ 
= 0.75* 
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Table 8. Orthogonal polynomial comparisons for regression on overall 
rimsulfiiron levels (germination%). 
SOURCES DF SS MS F 
Linear 1 217.7778 217.7778 0.61 
Quadratic 1 2314.2857 2314.2857 6.43* 
Cubic 1 2200.2778 2200.2778 6.11* 
Quartic 1 457.3254 457.3254 1.26 
RATE OF RIMSULFIIRON 
(gha-') 
MEAN 
(%) 
0 72.2222 
9 39.4444 
18 31.1111 
27 10.0000 
36 14.4444 
Q quadratic 
Q cubic 
The regression equation is, 
Rhizome bud germination % = 71.1429 + 3.4803 (rimsulfiiron) 
+ 0.0475 (rimsulfiiron)^ + 0.0001 (rimsulfiiron)^ 
R^ = 0.9r 
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Table 9. Residual chlorophyll-a, b and carotenoid contents of quackgrass leaves 
at different rimsulfliron rates. 
RIMSULFURON 
RATES 
(gha‘) 
CHLOROPHYLL- 
a 
(Mg g*) 
CHLOROPHYLL- 
b 
(Mgg*') 
CAROTENOID 
( Mg g'‘) 
0 3035.0417 2409.1597 741.2735 
9 2703.1607 1411.9950 502.4395 
18 1575.3532 573.5347 361.6225 
27 545.3532 216.4389 261.7529 
36 316.1376 141.0434 223.5002 
r\ * * 
Qlinear Qlinear 
r\ ^ ^ 
Qlinear 
Qquadntic 
v^ctibic 
The regression equations are; 
Chlorophyll-a = 3036.9933 + 35.1130 (rimsulfiiron) - 9.8156 (rimsulfliron)^ 
+ 0.1884 (rimsulfliron)^ 
Chlorophyll-b = 2428.9211 - 137.4930 (rimsulfliron) + 2.0502 (rimsulfliron)^ 
Carotenoid = 673.3644 - 14.1804 (rimsulfliron) 
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Table 11. ANOVA for overall herbicide effect on grain yield. 
SOURCES DF SS MS F 
Linear 1 1015.9968 1015.9968 1.30 
Quadratic 1 - 2828.7376 2828.7376 3.62 
Cubic 1 4.0832 4.0832 0.01 
Quartic 1 1546.7704 1546.7704 1.98 
RATE OF RIMSULFURON MEAN 
(g ha'^) (Bushels acre’^) 
0 104.67 
9 120.30 
18 136.55 
27 154.02 
36 130.68 
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Table 17. Orthogonal polynomial comparisons for regression on absorbance 
(Herbicide: 663 nm). 
SOURCES DF SS MS F 
Linear 1 15.4786 15.4786 582.89** 
Quadratic 1 0.0110 0.0110 0.41 
Cubic 1 0.3951 0.3951 14.88** 
Quartic 1 0.1706 0.1706 6.42 
RATE OF RIMSULFURON 
(gha'‘) 
MEAN 
(absorbance) 
0 8.9790 
9 7.5939 
18 5.6541 
27 1.9071 
36 1.0671 
r\ * * 
QliDcar 
quadratic 
• • 
Q cubic 
The regression equation is. 
Absorbance at 663 nm = 2.9720 + 0.0170 (rimsulfuron) - 0.0072 
(rimsulfliron)^ + 0.0001 (rimsulfuron)^ 
R^ = 0.99’‘ 
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Table 18. Orthogonal polynomial comparisons for regression on absorbance 
(Herbicide: 645 nm). 
SOURCES DF SS MS F 
Linear 1 5.1535 5.1535 135.77** 
Quadratic 1 0.1853 0.1853 4.88* 
Cubic 1 0.0158 0.0158 0.42 
Quartic 1 0.0144 0.0144 0.38 
RATE OF RIMSULFURON 
(gha-') 
MEAN 
(absorbance) 
0 5.2941 
9 3.5349 
18 2.2029 
27 0.7731 
36 0.4581 
r\ * * 
Q linear 
Q qoadntic 
The regression equation is. 
Absorbance at 645 nm = 1.7793 - 0.0756 (rimsulfliron) + 0.0008 (rimsulfiiron)^ 
= 0.99* * 
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Table 19. Orthogonal polynomial comparisons for regression on absorbance 
(Herbicide: 480 nm). 
SOURCES DF SS MS F 
Linear 1 6.0435 6.0435 102.57** 
Quadratic 1 0.0996 0.0996 1.69 
Cubic 1 0.0043 0.0043 0.07 
Quartic 1 0.1336 0.1336 2.27 
RATE OF RIMSULFURON 
(g ha"') 
MEAN 
(absorbance) 
0 7.7799 
9 5.5089 
18 4.8450 
27 2.9601 
36 2.3220 
r\ * * 
Q linear 
The regression equation is, 
Absorbance at 480 nm = 2.4587 - 0.0499 (rimsulfuron) 
R^ = 0.96’* 
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Table 20. Orthogonal polynomial comparisons for regression on overall 
rates of oil adjuvants, (germination %). 
SOURCES DF SS MS F 
Linear 1 9363.3333 9363.3333 293.11** 
Quadratic 1 600.0000 600.0000 18.78** 
Cubic 1 4320.0000 4320.0000 135.23** 
RATE OF OIL ADJUVANTS MEAN 
(%VA0 (%) 
0 80.00 
0.5 46.67 
1.0 28.33 
1.5 15.00 
Qlmctf 
Q qiudratic 
* * 
VC c»i>ic 
The regression equation is, 
Rhizome bud germination % = 80.0000 + 88.3330 (oil) + 49.9994 (oil)^ 
- 13.3331 (oU)^ 
= 0.99* * 
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Table 21. Orthogonal polynomial comparisons for regression on rates of 
Agri-dex (germination %), 
SOURCES DF SS MS F 
Linear 1 2666.6667 2666.6667 30.00** 
Quadratic 1 33.3333 33.3333 0.38 
Cubic 1 4166.6667 4166.6667 46.88** 
RATE OF AGRI-DEX 
(% v/v) 
MEAN 
(%) 
0 80.00 
0.5 66.67 
1.0 30.00 
1.5 23.33 
Qlinear 
Q quadratic 
O cubic 
The regression equation is. 
Rhizome bud germination % = 80.0000 + 32.2400 (Agri-dex) - 153.3600 
(Agri-dex)^ + 71.1200 (Agri-dex)^ 
= 0.99* * 
98 
Table 22. Orthogonal polynomial comparisons for regression on rates of 
Scoil (germination %), 
SOURCES DF SS MS F 
Linear 1 7481.6667 7481.6667 244.85** 
Quadratic 1 1008.3333 1008.3333 33.00** 
Cubic 1 1401.6667 1401.6667 45.87** 
RATE OF SCOIL MEAN 
(% v/v) (%) 
0 80.00 
0.5 26.67 
1.0 26.67 
1.5 6.67 
r\ ^ ^ 
Qlincar 
qtudntic 
Vc cMc 
The regression equation is, 
Rhizome bud germination % = 80.0000 - 191.0933 (Scoil) + 206.6400 
(Scoil)^ - 75.5467 (ScoU)^ 
R^ = 0.99** 
99 
Table 23. Means of the percentage control of quackgrass for overall oils 
separated by Duncan’s New Multiple Range Test at P = 0.05 level. 
OIL MEAN 
(%) 
No oil 67.67 b 
Agri-dex 82.33 a 
Scoil 86.00 a 
Table 24. Means of the percentage control of quackgrass for overall surfactants 
separated by Duncan’s New Multiple Range Test at P = 0.05 level. 
SURFACTANT MEAN 
(%) 
No surfactant 61.11 b 
Atplus S-12 79.44 a 
Induce 77.22 a 
Renex 84.44 a 
Silwet 91.11 a 
100 
Table 25. Means of the germination percentage of quackgrass rhizomes for overall oils 
separated by Duncan’s New Multiple Range Test at P = 0.05 level. 
OIL MEAN 
(•/.) 
No oil 62.73 a 
Agri-dex 55.67 a b 
Scoil 48.13 b 
Table 26. Means of the germination percentage of quackgrass rhizomes for overall 
surfactants separated by Duncan’s New Multiple Range Test at P = 0.05 
level. 
SURFACTANT MEAN 
(%) 
No surfactant 59.78 a 
Atplus S-12 60.89 a 
Induce 60.22 a 
Renex 54.56 a b 
Silwet 42.11 b 
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Table 31. Means of the germination percentage of quackgrass rhizomes for 
all combinations of an oil and a surfactant separated by Duncan’s 
New Multiple Range Test at P = 0.05 level.' 
TREATMENT MEAN 
(%) 
No oil, no surfactant 77.7 a 
No oil, Atplus S-12 63.7 a b c 
No oil. Induce 66.7 a b 
No oil, Renex 56.3 b c 
No oil, Silwet 49.3 bed 
Agri-dex, no surfactant 53.3 b c 
Agridex, Atplus S-12 67.3 a b 
Agridex, Induce 55.3 b c 
Agridex, Renex 56.3 b c 
Agridex, Silwet 46.0 c d 
Scoil, no surfactant 48.3 a b 
Scoil, Atplus S-12 51.7 b c 
Scoil, Induce 58.7 a b c 
Scoil, Renex 51.0 b c 
Scoil, Silwet 31.0 d 
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Table 34. Means of the percentage control of quackgrass for overall quackgrass 
biotypes separated by Duncan’s New Multiple Range Test at P = 0.05 
level. 
BIOTYPE MEAN 
(%) 
Lebanon, New Jersey 16.25 a 
Hudson, New York 2.50 b 
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